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INTRODUCTION 


Since  the  identification  of  Corynebacterlum  diphtherlae 
as  the  causative  agent  in  diphtheria,  laboratory  methods  have 
been  sought  which  would  accurately  determine  the  virulence 
and  toxigenic  potential  of  any  given  culture.  The  methods 
used  should  have  to  be  simple  and  not  too  expensive  for  the 
average  laboratory.  Since  cultures  isolated  from  active 
cases  of  the  disease  may  be  considered  virulent  and  toxigenic, 
the  cultures  of  greatest  interest  in  this  connection  were 
those  isolated  from  suspected  carriers  of  the  disease.  Even 
though  the  use  of  improved  methods  of  treatment  and  the  de- 
velopment of  efficient  means  of  immunization,  coupled  with 
almost  universal  immunization  of  children,  has  for  the  most 
part  placed  this  disease  in  the  background,  the  problem  of 
carrier  checking  is  still  of  importance  due  to  fluctuations 
in  the  occurrence  of  the  disease. 

Various  tests  have  been  proposed  for  the  detection  of 
virulence  and  toxigenicity  of  this  organism.   Included  among 
the  more  prominent  are  the  guinea  pig  subcutaneous  test,  the 
guinea  pig  intracutaneous  test,  the  mouse  intracerebral  test, 
the  rabbit  skin  test,  and  the  chick  test.   In  addition  there 
is  also  the  problem  of  culture  identification.  This  is  due 
in  part  to  variations  in  culture  reaction*  and  morphology. 
It  has  been  suggested  that  certain  of  tho  standard  test3  for 
virulence  and  toxigenicity  might  be  supplemented  by  more  sen- 


sitive  testa.  It  was  also  suggested  that  these  standard 
tests  might  be  evaluated  as  to  relative  efficiency  In  de- 
tecting virulence  and  toxigenicity. 

This  work  was  undertaken  with  the  following  problem  In 
mind:  1.  To  check  several  of  the  standard  tests  as  to  rel- 
ative efficiency  in  detecting  the  virulence  and  toxigenicity 
of  this  organism,  2.  To  evaluate  the  relative  sensitivity 
of  chick  embryos  in  detecting  the  virulence  and  toxigenicity 
of  cultures  in  the  light  of  results  obtained  by  using  the 
standard  test3 »  3.  To  determine  the  possibility  of  false 
positive  virulence  tests  belnr  enoountered  as  a  result  of  the 
virulence  of  closely  related  organisms. 

The  tests  selected  for  comparison  were  the  guinea  pig 
intracutaneous  test,  the  chick  test,  and  the  use  of  chick 
embryos.  The  intracutaneous  test  was  selected  since  It  was 
the  test  being  used  routinely  in  the  laboratory  where  this 
research  was  undertaken.  The  chick  te3t  is  of  relatively 
recent  origin.  Therefore,  tho  necessity  of  evaluating  it 
in  the  light  of  the  guinea  pig  test  was  considered  necessary. 
The  use  of  chick  embryos  as  an  indicator  of  virulence  and 
toxigenicity  was  suggested  by  the  works  of  Goodpasture, 
Cromartie,  Evans,  and  Tsun  Tung.  The  purpose  of  the  test  was 
to  determine  if  the  death  of  Inoculated  chick  embryos,  in 
the  absence  of  specific  antitoxin,  is  a  satisfactory  indica- 
tion of  the  virulence  and  toxigenicity  of  the  cultures  un- 
der investigation. 


The  techniques  used  In  the  guinea  pig  intracutaneous 
test,  the  chick  test,  and  the  basis  for  identification  were 
taken  from  those  compiled  in  the  book:  Diagnostic  Procedures 
and  Reagents  of  The  American  Public  Health  Association  (1941). 
The  testing  and  i  entlf ications  followed  the  procedures 
listed  in  this  manual  to  produce  results  in  line  with  those 
which  might  be  encountered  in  most  public  health  laborator- 
ies* 

The  control  cultures  used  were  known  stock  cultures  of 
virulent  and  toxigenic  strains  from  the  stock  culture  col- 
lection of  The  Kansas  Public  Health  Laboratories.  The  second 
group  was  made  up  of  cultures  isolated  from  specimens  sent 
to  the  above  mentioned  laboratory  for  bacteriological  analy- 
sis. All  cultures  which  did  not  exhibit  typical  morphology 
when  stained  with  alkaline  methylene  blue,  and  those  cultures 
failing  to  3tain  gram  positive  were  discarded.  Approximate- 
ly 500  cultures  were  submitted  with  387  cultures  bein^  U3ed 
throughout  the  entire  work. 

This  research  problem  was  undertaken  and  completed  in 
the  Division  of  Public  Health  Laboratories  of  The  Kansas 
State  Board  of  Health. 


rERATURE  REVIEW 


The  bacteriology  of  diphtheria  has  presented  two  distinct 
problems.  The  first  problem  is  the  actual  isolation  and 
identification  of  the  organism,  and  second,  the  detection  and 
measurement  of  virulence.   Kolmer  (1912)  attempted  a  summa- 
tion of  the  facto  known  at  that  time  with  particular  emphasis 
being  placed  on  the  use  of  morphological  classifications,  and 
biometric  analysis.   His  conclusions  were  that  the  three  mor- 
phological types  which  he  encountered,  granular,  barred,  and 
solid  staining,  were  associated  with  varying  degrees  of  se- 
verity in  the  disease.  The  granular  types  were  shown  to 
predominate  in  the  larger  portion  of  clinical  cases,  the  solid 
3taininc  type  being  found  more  frequently  at  the  termination 
of  the  disease  than  at  the  beginning.   The  results  of  his 
biometric  tests  showed  that  the  virulent  diphtheria  cultures 
produced  acid  more  frequently  from  dextrose  and  dextrin,  re- 
sults obtained  with  other  carbohydrates  varying  considerably. 
Kolmer  and  Moshage  (1916)  attempted  to  link  the  formation  of 
acids  in  the  fermentation  of  carbohydrates  with  the  production 
of  soluble  toxins.  To  do  this,  virulent  strains  of  the  organ- 
ism were  grown  in  the  presence  of  increasing  amounts  of  anti- 
toxin, the  purpose  of  this  being  to  neutralize  the  toxins  as 
they  were  formed.  V.hen  this  was  conducted  in  the  presence 
of  fermentable  carbohydrates,  it  was  found  that  no  appreciable 
change  in  the  fermentation  ability  of  the  cultures  under 


study  wa3  encountered.  The  conclusions  drawn  were  that  the 
carbohydrate  fermentation  of  Corynebacterlum  dlphtherlae  was 
dependent  upon  the  action  of  secondary  enzymes ,  and  that  the 
action  of  these  enzymes  was  Independent  of  the  production 
of  extracellular  soluble  toxins.  This  work  failed  to  show 
any  relation  between  toxin  formation  and  the  fermentation  of 
carbohydrates ,  but  It  did  hint,  In  the  light  of  Kolmer's 
previous  work,  the  possibility  that  several  sub-types  of  the 
organism  might  exist)  these  sub-types  being  distinct  in 
their  biometrlc  reactions  and  morphology,  and  in  their  rel- 
ative virulence  also.  However,  to  olarify  the  difference 
between  virulence  and  toxin  formation,  Cary  (1917),  while 
studying  the  problem  of  virulence  and  toxin  formation,  found 
that  virulence  and  toxigenic ity  are  not  inseparable.   It  was 
found  by  him  that  many  strains  which  tested  a  virulent  were 
strong  toxin  producers.  Therefore,  the  problem  of  toxin 
formation  became  of  prime  Importance  irrespective  of  the 
relative  virulence  of  the  culture  under  examination.  Much 
later  Crowell  (19S6),  uslnc  a  single  cell  isolation  strain, 
concluded  that  morphological  types  have  no  hereditary  sig- 
nificance or  relation  to  virulence  and  toxin  formation.  He 
also  concluded  that  non-toxic  strains  are  mutants  of  toxic 
forms,  and  that  non-toxic  forms  are  permanently  non-toxic. 
These  findings  diverge  from  the  earlier  findings  of  Kolmer 
(1912)  that  morphological  types  are  distinct,  and  that  viru- 
lent forms  fail  in  one  morphological  group  while  non-toxic 


forms  fall  in  another  group. 

When  considering  the  use  of  carbohydrates  to  enhance 
the  production  of  toxins ,  other  factors  of  media  mu3t  be 
considered  such  as  reaction  and  the  utilization  of  nutrients 
whloh  are  added  in  media  to  support  the  growth  of  Coryne- 
bactorlum  diphtherlae.  Davis  and  Perry  (1919)  reported  on 
the  elaboration  of  toxin  in  broth  cultures.  Their  findings 
tended  to  refute  the  findings  of  Hadley  (1907)  and  othors 
who  claimed  the  production  of  strong  toxin  in  purely  syn- 
thetic media.  Broth  containing  only  amino  acids  and  in- 
organic salts  was  found  incapable  of  supporting  the  growth 
of  the  diphtheria  organism.  They  did  find  that  the  addition 
of  0.5  percent  infusion  bouillon  would  allow  the  organisms 
to  grow  and  multiply.  It  was  also  found,  however,  that  ten 
percent  bouillon  in  their  media  was  necessary  for  the  elab- 
oration of  toxin.  They  concluded  from  these  findings  that 
the  diphtheria  organism  did  not  sj/nthesize  a  toxin,  but  that 
the  toxin  was  a  catabolic  substance  elaborated  by  the  or- 
ganism only  in  the  presence  of  certain  materials  supplied  by 
the  bouillon.  The  use  of  bacteriological  peptones  in  the 
production  of  toxins  was  investigated  by  Davis  (1920).  He 
found  that  the  presence  of  peptones  in  media  used  for  the 
production  of  toxin  greatly  enhanced  toxin  formation.  Wil- 
cox (1922)  investigated  the  use  of  bacteriological  peptones 
and  went  a  step  further  when  he  came  to  the  conclusion  that 
different  peptone  preparations  varied  in  their  ability  to 


enhance  the  elaboration  of  toxin.  Wadsworth  and  Wheeler 
(1928)  published  work  on  the  problem  of  attenuation  and 
toxin  production  In  synthetic  media.  They  encountered  only 
one  culture  of  the  organism  which  would  crow  in  synthetic 
media.  This  growth  was  found  to  be  accompanied  by  marked 
attenuation  and  change  In  morphology,  culture  character- 
istics, carbohydrate  fermentations,  and  immunological  re- 
actions with  complete  I033  of  virulenoe  and  toxigenlcity. 
This  seemed  to  confirm  the  work  of  Davis  and  Perry  with 
synthetic  media.  It  was  found,  however,  that  a  medium  com- 
posed of  chlorides,  sulfates,  and  phosphates  of  sodium,  cal- 
cium, and  magnesium,  with  dextrose  as  a  source  of  energy  and 
peptone  as  a  source  of  nitrogen,  was  sufficient  for  the 
production  of  toxin.   Maver  (1930)  investigated  synthetic 
media  with  similar  results  belnr:  encountered,  indicating  the 
uncertain  status  of  synthetic  media  In  the  production  of 
toxins.  Further  clarification  wa3  attempted  by  Mueller, 
Kllije,  Porter,  and  Greybiel  (1933).  It  was  concluded  that 
good  growth  of  the  organism  and  production  of  toxin  is  ob- 
tained on  synthetic  media  containing  proteose  peptone.  Pro- 
teose peptone  was  found  to  contain  creatine  which  is  found  in 
animal  tissue,  suggesting  the  presence  of  tissue  extracts. 
Therefore,  the  proteose  peptono  was  assumed  to  be  similar  In 
composition  to  infusions.  It  wa3  also  shown  that  trypto- 
phane is  one  of  the  essential  factors  necessary  for  the 
growth  of  the  various  strains  of  this  organism. 


With  the  separation  of  the  traits  of  virulence  and  toxi- 
genicity,  means  were  sought  to  u  je  cultural  characteristics 
as  indications  of  virulence  and  toxigenicity,  with  the  main 
emphasis  being  placed  on  the  production  of  toxins.   Heeren 
and  Magrail  (1930),  investigating  the  subject,  worked  on  the 
relation  of  hemolysin  to  the  production  of  toxins  and  the 
virulence  of  the  organism.  They  found  this  characteristic 
unreliable,  as  an  indication  of  either  toxigenicity  or  viru- 
lence, and  al30  transient,  generally  disappearing  with  con- 
tinued cultivation  of  the  culture  being  studied.  They  found 
that  the  ability  to  produce  hemolysin  might  be  regained  by 
passing  the  culture  through  a  series  of  animal  inoculations. 
In  the  same  year  Heeren  (1930)  found  that  the  formation  of 
pellicles  seems  to  accompany  the  ability  to  cause  disease 
and  give  positive  virulence  tests.  This  was  shown  by  the 
fact  that  89  out  of  100  toxigenic  cultures  produced  pellicles 
That  the  formation  of  a  pelliclo  is  not  necessary  for  the 
formation  of  toxins  was  shown  by  the  fact  that  the  remaining 
11  of  the  cultures  were  toxigenic  strains  of  known  virulence. 
A  possible  reason  for  these  results  may  be  found  in  the  work 
of  Anderson,  Happold,  McLeod,  and  Thompson  (1931)  who,  work- 
ing together,  reported  on  the  existence  of  two  distinct  sub- 
types of  Corynebacterlum  dlphthorlae,  and  a  third  type  which 
was  found  intermediate  in  its  reactions.  The  three  sub-types 
reported  by  these  workers  are:   Corynebactorium  dlphtheriae 
gravis,  Corynebactorium  dlphtheriae  mitis,  and  the  third, 


Corynebactorlun  diphtherlae  lntermedius.  This  work  was 
elaborated  on  further  by  MoLeod  (1932),  Anderson,  Cooper, 
Happold,  and  MoLeod  (1933).  They  attributed  the  more  se- 
vere cases  of  diphtheria  to  Corynebacterlum  diphtherlae 
f-ravis,  the  less  severe  to  Corynobactariuin  diphtherlae  mltis; 
Corynebac  terlum  dlphthorlae  lntormodlus  was  found  to  vary 
between  these  two  types  in  virulence.  Thi3  classification 
was  based  on  the  biometric  reaotions  of  the  organism. 

Besides  attempts  to  relate  hemolysin  and  pellicle  for- 
mation to  toxin  formation,  other  ways  have  been  sought  with 
which  to  relate  biometric  reactions  to  the  formation  o-  toxin 
and  to  the  virulence  of  the  organism.  Fur-ther  work  on  the 
use  of  dextrose  as  a  material  to  enhance  the  production  of 
toxin  formation  was  undertaken  by  Hagen  and  Heller  (193S). 
They  found  that  dextrose  added  twice  daily  in  a  concentration 
of  0.15  percent  increased  the  toxin  titre  of  the  base,  pro- 
viding the  medium  was  alkalinized  at  frequent  intervals. 
Maltose  was  found  to  act  similarly  without  the  pH  adjustment 
required  in  the  case  of  dextrose.  Their  conclusions  were 
that  dextrose  in  small  amounts  is  superior  to  maltose,  dextrin, 
and  glycerol.  The  final  pH  was  found  not  to  be  an  Infallible 
index  as  to  the  best  time  for  the  toxin  harvest. 

Povitaki,  Eisner,  and  Jackson  (1933)  confirmed  the  re- 
lationship between  the  three  types  of  organisms  described 
by  McLeod  and  the  men  working  with  him.  They  found  toxins 
formed  by  the  three  types  were  identical,  and  that  antitoxins 


formed  by  the  injection  of  toxins  fron  the  threo  were  iden- 
tical.  The  difference  between  the  three  in  disease  produc- 
tion was  therefore  believed  to  be  one  of  decree  and  not  of 
kind. 

The  Animal  Testa 


The  first  animal  test  to  be  considered  was  the  guinea 
pig  intracutaneous  test.  Weston  and  Kolmer  (1911)  set  down 
their  basis  'for  the  u.ie  of  guinea  pigs  in  testing  for  the 
virulence  of  Corynebacterlum  dlphtherlae.  Their  object  waa 
to  achieve  the  most  favorable  set  of  conditions  for  the  pro- 
duction of  toxins »  and  for  their  use  in  animals  possessing 
no  marked  degree  of  immunity  or  resistance  to  the  toxin. 
They  advocated  the  use  of  alkaline  broth  media  containing 
some  carbohydrate i  preferably  dextrose,  in  a  concentration 
of  1.00  percent.  They  suggested  that  all  cultures  should  be 
incubated  at  37°  C.  for  at  least  48  hours.  They  also  pro- 
posed a  crude  test  using  a  suspension  of  diphtheria  organisms 
washed  from  a  48  hour  Loeffler  slant,  using  normal  saline  as 
the  suspending  fluid.   Later  Kolmer,  Woody,  and  Koshage 
(1916)  published  results  obtained  with  the  guinea  pig  teat* 
They  elaborated  further  on  thoir  techniques,  advocating  the 
use  of  dextrose  broth  as  a  suspending  fluid  for  the  organism, 
in  animal  inoculations.   Kolmer  and  Koshage  (1916)  published 
further  work  on  the  problem  of  virulence  testing,  givinr  an 


evaluation  of  the  various  methods  U3ed  at  that  time  to  test 
for  virulence.   In  thi3  work  they  set  down  their  basis  for 
an  accurate  virulence  teat.  The  factors  as  listed  are  given 
below: 

1.  The  teat  must  be  as  delicate  as  possible  in 
order  that  it  may  reveal  the  potential  harmfulnesa 
of  bacilli  of  low  virulence. 

2.  Any  evidence  of  virulence ,  however  slight, 
must  be  regarded  as  a  positive  Indication  of  the 
pathogenicity  of  the  culture. 

3.  The  test  must  be  conducted  with  pure  cultures. 

4.  The  test  must  be  conducted  with  as  large  a 
dose  of  the  culture  under  study  as  possible. 

Results  of  their  experiments  show  that  the  injection  of 

the  same  culture  subcutaneously»  and  intracutaneously  vary 

slightly  in  the  final  result,  the  intracutaneous  route  being 

inferior  to  the  subcutaneous  injection.  This  is  offset  In 

part  by  the  fact  that  more  than  one  culture  can  be  tested  on 

a  single  animal  if  the  inoculations  are  made  intracutaneously. 

They  found  that  cultures  suspended  in  saline  yielded  results 

similar  to  those  obtained  with  broth  cultures  and  suspensions 

washed  from  slants  with  broth.  This  varies  from  Kolmer's 

earlier  work  from  which  he  advocated  the  uje  of  broth  as  a 

suspending  fluid.   Later  work  by  stark,  Sherman,  and  Stark 

(1928)  emphasized  the  necessity  of  using  pure  cultures  as  had 

Kolmer  and  his  associates.   It  was  found  that  the  toxin  of 

diphtheria  was  readily  destroyed  by  bacteria  often  encountered 

in  field  cultures.  The  U3e  of  saline  as  a  suspending  fluid 

wa3  not  confirmed,  however,  Holt  and  Wright  (1940)  found 
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saline  to  be  inferior  to  broth,  thus  agreeing  with  Kolmer's 
earlier  findings.   They  found  that  suspending  the  organisms 
in  saline  or  distilled  water  caused  a  loss  of  virulence,  and 
generally  death  of  the  cultures  in  a  very  short  time. 

The  chick  test  was  baaed  on  the  work  of  Frobisher  (1940). 
His  work  dealt  with  the  susceptibility  of  chicks  to  the  action 
of  the  diphtheria  bacilli  and  diphtheria  toxin.  Later, 
Frobisher,  Parsons,  ami  Tsun  Tun?,   (1942)  developed  this  work 
into  the  chick  test.   The  chicks  were  injected  with  one  cubic 
centimeter  of  a  48  hour  broth  culture  of  the  organism.  These 
tests  were  run  in  parallel  with  the  rabbit  skin  test.  It  was 
found  that  both  test3  cave  similar  results.  The  gravis  cul- 
tures were  found  ti  kill  the  chicks  before  the  mitls  cultures 
but  the  difference  was  not  considered  to  be  significant. 

The  uso  of  chick  embryos  as  a  culture  media  for  viruses 
is  not  new.   The  technique  of  opening  Incubated  chicken 
eggs  for  the  study  of  embryos  in  such  a  manner  as  to  insure 
survival  of  the  embryo  has  been  investigated  by  many.  Byer- 
ling  (1926)  gave  a  simple  technique  for  opening  the  shell  in 
a  work  on  suffocation  of  chick  embryos.  He  managed  to  keep 
them  alive  to  the  fifth  and  eighth  days.  Others  found  that 
embryos  can  be  cultivated  in  open  shell  to  hatching  if  the 
shell  i3  opened  after  the  sixth  day.  After  the  sixth  day 
embryos  in  the  open  shell  were  marked  by  a  greater  resis- 
tance and  adaptability  to  environment.   Goodpasture  (1932) 
studied  the  vaccinal  infection  of  the  chick  embryo  and  re- 


ported  the  work  aa  showing  the  possibility  of  using  embryos 
In  the  cultivation  of  the  virus.  This  was  confirmed  lator  by 
Buddingh  (1936)  who  published  work  on  the  generalized  vaccinal 
infection  of  chick  embryos.   He  recommended  the  use  of  chick 
embryos  which  had  been  Incubated  for  at  least  IS  days.  Good- 
pasture (1937)  enlarged  the  field  of  interest  by  writing  on 
the  problem  of  infection  by  bacterial  invasion  of  the  chorio- 
allantoic membrane  of  chick  embryos.  He  found  most  pathogens 
able  to  develop  In  the  embryonic  cells;  exceptions  wer  _. 
aureus ,  "t.  hemolytlcua,  find  Corynabac torlum  diphtherias.  He 

"oyed  two  strains  of  diphtheria  in  this  experiment,  the 
first  from  a  case  of  acute  mitral  endocarditis*  the  second 
being  the  standard  Park  strain  VIII.  All  strains  killed  the 
embryos  within  43  hours.  Flaky  colonies  were  observed  on  the 
chorlo-allantoic  membrane  with  surrounding  blood  vessels  ex- 
hibiting signs  of  hemorrha^o  and  necrosis.   Controls  set  up 
by  the  addition  of  antitoxin  to  the  Inoculated  embryos  sur- 
vived.  Kvans  (1939)  In  studying  the  effects  of  diphtheria 
toxin  on  the  chick  embryo  confirmed  the  work  of  Goodpasture 
on  the  susceptibility  of  the  embryos  to  diphtheria  toxin. 
The  embryos  were  found  to  be  more  susceptible  to  the  action 
of  diphtheria  toxin  on  the  basis  of  weight  than  were  guinea 
pigs.   Instead  of  recommending  12-day  chick  embryos  as  had 
Buddingh  (1935),  chick  embryos  incubated  for  ten  days  were 
recommended.  Cromartle  (1941),  using  the  technique  of  Good- 
pasture, confirmed  those  previous  findings  of  the  action  of 


Corynebac ter lum  dlphtherlae  by  tho  injection  of  cultures  into 
the  egg  In  such  a  manner  as  to  render  the  naso-pharynx  avail- 
able for  infection.  Clumps  of  bacilli  were  found  in  the  nasal 
passages  and  ulcerative  lesions  were  found  to  be  numerous. 
His  conclusions  were  that  the  developing  chick  embryo  ia  sus- 
ceptible to  infection  with  Corynebacterlum  dlphtherlae  with 
tha  mouth  and  naso-pharynx  serving  as  a  portal  of  entry. 
Tsun  Tung  (1945)  examined  the  problem  further,  using  cultures 
of  virulent  and  avirulent  organisms.  He  found  that  cultures 
injected  through  the  chorio-allantoic  route  all  produced 
crowth  but  that  the  avirulent  strains  failed  to  kill  the 
embryos  within  48  hours.   This  further  confirmed  the  findings 
of  Goodpasture  and  others  and  brought  out  the  fact  that  those 
cultures  which  are  avirulent  and  not  toxin  formers  would  not 
kill  the  embryos  within  a  48  hour  period. 

Basis  of  Identification 

Following  the  identification  systom  of  HcLeod  and 
others  (1931,  1932,  1933),  the  cultures  were  grouped  accord- 
ing to  their  ability  to  ferment  dextrose,  starch,  and  sucrose. 
Other  biometric  reactions  used  were  the  formation  of  hemolysins, 
production  of  pellicles  on  liquid  media,  and  their  ability  to 
revert  media  to  an  alkaline  reaction.  The  ability  of  some  of 
the  cultures  to  liquify  Loeffler's  medium  was  also  noted  since 
this  is  a  trait  common  to  Corynebacterlum  pyogenes,  a  closely 


related  animal  pathogen,  Ward  (1917),  Brown  and  Ocult  (1930), 
and  Lowell  (1939). 

The  characteristics  as  listed  for  the  three  types  of 
Corynebacterium  diphtherias  by  McLeod  and  others  are  as  fol- 
lows: 

Corynebacterlum  dlphth-.rlae  gravis 

1.  Appearance  on  tellurite  media— forty-eight 
hour  colonies  grey  to  grey  black. 

2.  Morphology — Short  diphtheroid  usually  with- 
out granules.  On  Loeffler's  the  granules  are  well 
marked  but  may  be  scanty. 

3.  Pellicle— Pellicles  are  formed  on  liquid 
media  with  distinct  granulation  of  the  culture  through- 
out the  media. 

4.  Reversion—Broth  cultures  may  revert  to  an  al- 
kaline condition. 

5.  Hemolysins — The  production  of  hemolysins  is 
usually  nerative  but  is  considered  variable. 

6.  Fermentation  of  carbohydrates— Acie  is  formed 
in  dextrose,  galactose,  and  maltose.  No  acid  is  formed 
in  sucrose.   Invariably  this  type  ferments  starch. 

Corynebacterium  dlphtherlae  mltls 

1.  Tellurite  medium — Forty-eight  hour  colonies 
are  black. 

2.  Morphology — Varies  considerably,  usually  long 
forms  with  granules. 

3.  Pellicle  formation — Usually  late,  with  usually 
uniform  turbidity  of  the  fluid,  or  mixed  uniform  and 
granular  turbidity. 

4.  Reversion — This  trait  Is  absent. 

5.  Hemolysins — Hemolysins  are  Invariably  produced. 

6.  Fermentation  of  carbohydrates — Acid  is  formed 
in  dextrose,  galactose,  and  maltose.  No  acid  Is  formed 
in  sucrose  or  in  starch. 


Corynebacterlum  dlphtherlae  intoraedlus 

1.  Appearance  on  tellurite  medium-- Forty-eight 
hour  colonies  are  crey. 

2.  Morphology-- Varies  considerably. 

3.  Pellicle  formation—Usually  negative. 

4.  Reversion—This  trait  is  absent. 

5.  Hemolysins— Hemolysins  are  not  produced. 

6.  Fermentation  of  carbohydrates— This  organism 
produces  acid  in  dextrose,  galactose,  and  maltose,  but 
falls  to  ferment  sucrose  or  starch. 

The  main  characteristics  listed  in  Bergey's  Manual  of 

Determinative  Bacteriology  (1939)  for  Corynebacterlum  pyogenes 

are: 

1.  Blood  serum— Coagulated  slants  pitted  by  di- 
gestion, usually  followed  by  complete  destruction  of 
the  medium • 

2.  Hemolysins—The  organism  produces  hemolysins. 

3.  Reversion — Reversion  of  media  to  alkaline 
condition  is  common. 

4.  Fermentation  of  carbohydrates — Acid  13  formed 
in  dextrose,  sucrose,  lactose,  xylose,  and  starch  but 
not  from  rafflnose,  lnulln,  mannitol  or  salicin.  The 
intravenous  injection  of  rabbits  with  this  organism 

is  fatal. 

The  composition  of  the  media  used,  and  the  technique  used 
in  detecting  hemolysins  is  given  in  the  Appendix.  All  media 
U3ed  were  checked  against  standard  cultures.   The  fermentation 
tests  were  incubated  for  five  days  at  37°  C«  The  tests  were 
read  at  48  hours  and  at  the  end  of  a  five  day  period.  All 
bioraetrlc  reactions  were  run  in  duplicate  to  check  on  the  re- 
liability of  the  results. 
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TECHNIQl1  CE  TESTS 


The  Chick  Teat 


This  teat  waa  conducted  uaing  the  technique  of  Fro- 
bisher,  Parsons,  and  Taun  Tung  (1942).  The  chick  wa8  pur- 
chaaed  at  the  age  of  24  hours  and  waa  held  for  seven  days 
before  inoculation  to  insure  the  uae  of  healthy  stock  in  the 
testing.  All  chicks  were  from  pullorum-tested  flocks. 

The  cultures  to  be  uaed  were  incubated  at  37°  C.  for  48 
hours.  The  ohicks  were  labeled  by  the  insertion  of  numbered 
wing  bands  in  the  web  of  the  right  wing,  the  left  wing  being 
reserved  for  inoculations.  The  ohicks  were  divided  into  two 
equal  groups,  one  group  receiving  from  40  to  60  units  of 
diphtheria  antitoxin.  After  an  hour  had  elapsed  the  inocu- 
lations were  begun.  Each  bird  waa  Injected  with  one  cubic 
centimeter  of  a  broth  culture.  The  injection  waa  made  into 
the  dorsal  aerolar  connective  tissue  of  the  left  wing.  The 
injection  was  accomplished  by  using  a  sterile  two  milliliter 
syringe  to  which  was  attached  a  sterile  26  gauge  needle.  A 
separate  syringe  and  needle  were  used  with  each  individual 
culture.   The  chicks  were  then  observed  over  a  period  of  72 
hours.  Usually  the  strongly  positive  cultures  killed  the 
test  chicks  within  24  hours.  However,  some  cultures  required 
the  full  72  hours  to  kill  the  birds.  The  general  symptoms 
observed  were  found  to  be  an  early  paralysis  of  the  wing 
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injected  followed  by  a  more  or  less  General  paralysis  of 
the  bird.  The  birds  would  stagger,  fall,  and  fail  to  regain 
their  footing.  Y/hen  this  occurred,  death  usually  followed 
quite  rapidly.  Sterile  broth  was  Injected  in  some  to  act  as 
a  control  on  any  toxic  factors  which  might  be  present  in  the 
broth  before  inoculation  with  cultures  took  place. 

The  Guinea  Pig  Intracutaneous  Virulence  Test 

This  test  consisted  of  the  injection  of  a  suspension  of 
the  culture  under  3tudy  intracutaneously  In  the  guinea  pig. 
Each  pig  was  carefully  shaved  on  the  back,  sides,  and  belly. 
Each  side  from  the  ridge  of  the  backbone  to  the  median  line 
of  the  belly  was  marked  off  in  five  squares  approximately 
four  square  centimeters  in  size,  thus  allowing  for  the  in- 
jection of  ten  cultures  on  the  back  of  one  animal.  Each  pig 
was  then  ear  tagged.  The  tags  were  put  in  the  pig's  ear 
several  days  before  the  inoculation  to  insure  the  retention 
of  the  tag.  Two  pigs  were  used  with  each  group  of  ten  cul- 
tures, one  serving  as  a  test  animal  and  the  other  as  a  con- 
trol on  the  test  animal.  Each  control  animal  received  200 
units  of  antitoxin  about  three  hours  before  the  injection  of 
the  cultures  took  place.   The  antitoxin  was  administered 
intraperitoneally. 

The  cultures  used  were  grown  on  Loeffler  slant3  for  48 
hours.  To  each  culture  was  added  three-quarters  of  a  milli- 
liter of  sterile  toxin  broth.  The  growth  was  then  suspended 


in  this  broth  and  drawn  into  a  two  milliliter  syringe 
equipped  with  a  sterile  26  gauge  needle  which  was  used  to 
administer  the  injection.  Then  0.1  nllliliter  of  this  sus- 
pension was  injected  intraoutaneously  on  the  designated 
square  on  the  control  and  on  the  test  guinea  pig.  A  sep- 
arate sterile  syringe  and  needle  were  used  with  each  cul- 
ture under  investigation.  Diagramatic  sketches  were  made 
of  the  back  of  each  guinea  pig.  with  the  position  of  each 
culture  being  noted,  and  the  ear  tag  number  of  each  pig 
being  noted  also.  The  tests  were  read  at  the  end  of  24 
hours,  and  at  the  end  of  48  hours.   A  positive  test  was 
indicated  by  the  formation  of  a  spot  of  necrosis  surround- 
ed by  an  inflamed  area.  As  a  control  on  the  broth,  0.1 
milliliter  of  sterile  broth  was  injected  in  each  pig. 

The  Chick  Embryo  Test 


t 


The  eggs  used  in  this  test  were  obtained  from  local 
hatcheries.  The  eggs  were  either  incubated  in  the  labora- 
tory or  Incubated  by  the  hatchery  for  the  ten  day  period? 
These  eggs  were  carefully  candled  before  inoculation  to  in- 
sure the  use  of  healthy  embryos.  The  shell  was  carefully 
cleaned  and  then  a  small  area  of  the  shell  was  ground  from 
the  underlying  membrane.  The  eggs  were  then  divided  into 
three  groups;  one  group  receiving  40  units  of  antitoxin,  this 
group  to  act  as  a  control.  The  throe  groups  were  then  inocu- 


lated  with  a  suspension  of  organisms  washed  from  a  48  hour 
Loeffler  slant  with  sterile  toxin  broth.  The  injection  was 
accomplished  by  use  of  a  sterile  two  milliliter  syringe  to 
which  was  attached  a  26  gauge  needle.  A  separate  sterile 
needle  and  syringe  were  used  with  each  individual  culture. 
The  scraped  area  was  then  covered  with  Scotch  tape  and  the 
number  of  the  culture  was  marked  on  the  shell.  The  eggs  were 
then  returned  to  the  Incubator.  At  the  end  of  24  hours  one 
test  egg  from  each  group  of  three  was  examined.   The  eggs 
were  opened  by  cutting  off  the  shell  over  the  air  sack.  The 
underlying  membrane  was  then  removed  with  forceps  and  the 
embryo  examined.  This  process  was  repeated  at  the  end  of  the 
48  hour  period  with  the  control  being  opened  also.  Death  of 
the  embryo  within  the  48  hour  period,  the  control  culture 
surviving  was  recorded  as  a  positive  teat.  When  examined, 
clumps  of  bacteria  were  observed  on  the  membranes  alone  with 
areas  of  necrosis  and  hemorrhage.  Negative  embryos  and  con- 
trol embryos  on  being  opened  revealed  undamaged  membranes,  the 
embryos  showing  movement  when  stimulated. 

CULTURE'  HANDLINC        ULTS 


The  cultures  as  they  were  received  were  streaked  on 
McLeod's  tellurite  madium  to  isolate  the  diphtheria  organisms. 
At  the  end  of  48  hours  suspicious  colonies  were  picked  from 
the  McLeod's  medium  and  transferred  to  Loeffler's  medium. 
They  were  also  examined  by  staining  with  methylene  blue  and 


by  cram  staining  technique  at  this  time.  Those  cultures  which 
consisted  of  typical  organisms  were  saved.  These  cultures 
were  classified  according  to  their  biomotric  reactions;  their 
fermentation  of  dextrose,  sucrose,  and  starch;  their  ability 
to  revert  media  to  an  alkaline  reaction;  and  the  production 
of  hemolysins  and  pellicle.3.  These  cultures  were  then  inocu- 
lated into  the  three  test  animals. 

The  results  obtained  are  compiled  in  the  accompanying 
tables.  Table  1  is  a  summary  of  the  types  of  organisms  found, 
Table  2  is  a  compilation  of  the  results  obtained  with  the 
three  virulence  tests  and  their  relation  to  each  other  in  the 
light  of  the  threo  types;  gravis,  mitis,  and  intormedius. 
Table  3  gives  the  reactions  of  the  control  cultures,  Table  4 
gives  a  summary  of  virulence  reactions  of  Corynebactorlum 
pyof?ene s  and  Table  5  shows  the  relation  of  pellicle  formation 
and  hemolysin  to  the  three  types  of  diphtheria. 

DISCUSSION 

When  the  cultures  were  separated  on  tho  basis  of  blomet- 
ric  reaction,  and  the  Corynebacterlum  diphtherlae  cultures 
were  segregated  according  to  type,  it  was  found  that  14.21 
percent  of  the  cultures  were  Corynebacterlum  diphtherlae 
gravis,  4.69  peroent  of  the  cultures  were  found  to  be  Cory- 
nebacterlum diphtherlae  mitis,  and  29.91  percent  of  the  cul- 
tures were  found  to  be  Corynebacterlum  diphtherlae  lntermodlus. 
Of  the  remaining  cultures,  22.22  percent  were  found  to  be 
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Corynebacterlum  pyogenes,  and  28.97  percent  to  be  non-virulent 
cultures  of  Corynebacterlum  which  were  not  identified  due  to 
their  lack  of  virulence.  This  proportional  division  of  the 
cultures  shows  a  rather  large  proportion  of  intermedius  type 
with  only  a  very  small  proportion  of  raitis  being  found  present. 

After  the  oultures  were  separated  according  to  identity, 
it  was  found  on  the  basis  of  the  three  virulence  tests  that 
89.09  percent  of  the  gravis ,  73.66  percent  of  the  mitisf  and 
53.09  percent  of  the  intermedius  were  virulent  for  the  test 
animals.  The  very  high  percentage  of  virulent  mitis  cultures 
present  may  be  due  to  the  very  few  mitis  cultures  encountered, 
being  from  active  oases  of  the  disease.  The  percentage  given 
for  the  gravis  parallels  the  figures  given  by  McLeod  and  his 
associates  (1931,  1932,  1933).  The  percentage  of  intermedius 
cultures  encountered,  and  the  percentage  of  virulent  inter- 
medius cultures  are  very  high,  and  may  Indicate  a  trend  in 
types  and  virulence  of  cultures  generally  encountered  in  the 
area  from  which  these  cultures  were  taken.  This  is  borne  out 
by  the  very  small  number  of  mitis  cultures  encountered.  Usu- 
ally the  most  numerous  type  encountered  in  this  area  is  the 
mitis  type.  That  there  is  not  a  greater  difference  between 
the  percentage  of  virulent  gravis  and  virulent  intermedius 
cultures  is  probably  due  to  the  very  large  percentage  of  vir- 
ulent gravis  cultures. 

With  an  evaluation  of  the  results  obtained  with  each  test 
animal,  according  to  culture  type,  it  was  found  that  the  vir- 


ulont  gravis  strains  were  virulent  for  61t22  percent  of  the 
chicks,  24.49  percent  of  the  guinea  pigs,  and  100.00  percent 
of  the  chick  embryos.   This  shows  a  relatively  low  gravis 
virulence  for  the  guinea  pig,  and  the  chick,  in  relation  to 
the  results  obtained  with  the  chick  embryo.  If  the  gravis 
strains  are  to  be  considered  the  more  potent  of  the  three, 
and  the  organism  generally  encountered  in  severe  cases  of 
the  disease,  as  has  been  intimated  by  HcLeod  and  hi3  asso- 
ciates, these  results  may  indicate  one  of  two  things.  They 
may  Indicate  a  shift  in  gravis  virulence,  or  they  may  indicate 
that  the  chick  test  and  the  guinea  pig  test  are  not  plcki. 
cultures  which  may  be  potentially  dangerous.  The  results 
Just  mentioned  may  be  borne  out  in  the  results  obtained  with 
the  mitis  and  lntermedius  cultures.   It  was  found  that  50.00 
percent  of  the  virulent  mitis  were  virulent  for  the  chick, 
33.57  percent  of  them  for  the  guinea  pig,  and  100.00  percent 
of  the  virulent  cultures  were  found  virulent  for  the  chick 
embryo.  While  the  mitis  cultures  are  not  generally  suspected 
of  causing  as  many  severe  cases  of  the  disease  as  are  the 
gravis,  the  results  obtained  with  this  type  appear  to  gen- 
erally parallel  the  findings  encountered  with  the  gravis. 
The  lntermedius  cultures  act  similarly.   Of  the  lntermedius, 
50.00  percent  were  found  to  be  virulent  for  the  chick  and 
50.00  percent  for  the  guinea  pig.  The  results  obtained  with 
the  guinea  pig  test  are  the  same  proportionally  as  those  ob- 
tained with  the  chick  test,  indicating  perhaps  variations  in 
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animal  susceptibility  to  different  strains.  The  embryos  gave 
positive  virulence  tests  with  all  cultures  found  virulent  for 
the  other  two  tests  and  50.00  percent  more  In  each  case. 
This  emphasizes  the  probable  encounter  of  negative  results 
with  cultures  which  are  virulent,  when  the  guinea  pip  test 
and  chick  tests  are  used.  Tho  fact  that  these  tests  were  run 
with  identical  cultures  indicates  a  lack  of  sensitivity  In 
the  guinea  pi,:  and  in  the  chick  tests  as  now  constituted. 

Taking  each  of  the  strains  as  a  separate  entity,  it  was 
found  that  24.49  peroent  of  the  virulent  gravis  cultures  gave 
positive  results  in  all  three  of  the  tests.   Only  33.57  per- 
cent of  the  virulent  mltis,  and  15.00  peroent  of  the  virulent 
intermedius  were  found  to  be  virulent  for  all  three  of  the 
test  animals.  These  percentages  further  emphasize  the  rela- 
tive greater  sensitivity  of  the  chick  embryo  in  detecting 
virulence.  It  was  also  found  that  37.71  percent  of  the  viru- 
lent gravis  were  virulent  for  embryos  only.  As  to  the  others, 
50.00  percent  of  the  intermedius  and  50.00  percent  of  the  mltis 
were  found  to  give  similar  results. 

Takin.  each  test  separately,  it  was  found  that  61.22  per- 
cent of  the  gravis  were  virulent  for  the  chicks,  24.90  percent 
of  the  gravis  were  virulent  for  the  guinea  pig,  and  that  all 
virulent  cultures  were  virulent  for  the  chick  embryo.   Intermed- 
ius cultures  were  found  less  virulent  for  the  chick,  and  less 
virulent  for  the  guinea  pig.  Of  the  virulent  intermedius  cul- 
tures, 50.00  percent  were  found  virulent  for  the  chick  and 


15.00  percent  virulent  for  the  guinea  pig.  Taking  the  vir- 
ulent mitis  cultures  as  a  whole,  50.00  percent  were  found 
virulent  for  the  chick  and  33.57  percent  for  the  guinea  pig. 
This  indicates  an  increased  mitis  virulence  for  the  guinea 

Pig* 

These  parcentages  are  relative  and  are  based  on  the  per- 
centage of  positives  obtained  with  the  chick  embryo  test  as 
all  indications  of  virulence  in  the  guinea  pig  test  and  chick 
test  were  duplicated  and  surpassed  by  the  ohick  embryo  test. 

Taking  the  Corynebacterlum  pyogenes  as  a  separate  unit, 
it  was  found  that  74.41  percent  of  these  cultures  were  viru- 
lent for  tho  test  animals,  showing  a  high  degree  of  virulence 
for  the  animals  used  in  testing  for  virulence.  Of  the  cul- 
tures of  thi3  organism,  53.12  percent  were  found  virulent  in 
all  three  tests,  only  9.37  porcent  being  found  virulent  for 
embryos  only. 

Previously  montion  has  been  made  of  the  work  of  Heeren 
in  determining  the  relation  between  pellicle  formation  and 
homolysin  production  in  relation  to  virulence.  Our  results 
show  the  production  of  hemolysins  by  the  mitis  cultures,  v/lth 
variable  results  being  encountered  with  the  gravis  cultures. 
The  Intermediu3  cultures  were  found  not  to  produce  hemolysins. 
Thi3  bears  out  the  findings  of  Heeren  that  hemolysins  produc- 
tion did  not  correlate  with  virulence.  The  inability  of  the 
intermedius,  and  a  largo  proportion  of  the  gravis,  to  produce 
hemolysins  accounts  for  these  results,  as  the  intermedius  and 
gravis  cultures  were  found  to  make  up  the  larger  portion  of  the 
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virulent  cultures  encountered.  Those  findings  were  also 
backed  up  by  the  findings  of  MoLeod  and  his  associates.  The 
production  of  pellicles  being  common  to  all  except  the  lnter- 
medlus  gives  the  reason  for  the  correlation  offered  by  Heeren 
between  pellicle  formation  and  virulence.  However,  many  cul- 
tures which  did  not  produce  pellicles  were  found  virulent. 
Heeren  also  noted  this  in  his  works. 

CONCLUSIONS 


Perhaps  the  main  conclusion  to  be  drawn  from  this  work  is 
the  superiority  of  the  chick  embryo  test  in  detecting  the 
virulence  of  Corynobactorium  dlphtherlae.   This  was  shown  by 
the  much  greater  percentage  of  positive  virulence  tests  ob- 
tained with  the  chick  embryos.   This  was  further  emphasised 
by  the  parallel  results  obtained  when  the  reactions  of  each 
strain  were  examined.  The  fact  that  none  of  the  test  animals 
gave  nearly  the  percentage  results  obtained  with  the  chick 
embryos  is  significant.  The  nearest  in  sensitivity  was  the 
chick  test,  but  even  its  best  results  fell  far  short  of  the 
results  obtained  with  the  chick  embryo.  It  might  be  argued 
that  the  embryo  test  is  too  sensitive  in  detecting  virulence, 
however,  If  the  work  of  Kolmer  and  Moshage  (1916)  Is  followed, 
in  which  was  stated  that  any  Indication  of  virulence,  however 
slight,  must  be  regarded  as  a  positive  test  for  virulence,  the 
chick  embryo  test  must  bo  regarded  as  far  superior  to  the  guinea 
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pig  and  chick  tests.  The  fact  that  specific  antitoxin  was 
able  to  protect  the  embryos  for  the  48  hour  period  of  the  test 
Indicates  that  the  positive  results  encountered  were  due  to 
the  action  of  toxins  elaborated  by  the  organism,  and  not  due  to 
bacterial  invasion  of  the  embryo.   If  the  disease  is  to  be  con- 
sidered one  of  toxin  damage,  the  formation  of  toxins  in  the 
presence  of  the  chick  embryo,  and  its  detection  by  means  of 
the  embryo's  death,  must  be  regarded  as  a  positive  indication 
of  the  organism's  potential  role  in  disease  production. 

It  has  been  intimated  from  this  work  that  the  guinea  pig 
virulence  test,  using  intracutaneous  inoculations,  Is  not 
efficient  as  now  constituted.  The  reason  for  this  may  be  the 
fact  that  the  cultures  are  injected  in  the  skin  in  such  small 
amounts  that  any  toxins  present  will  not  be  detected  due  to 
their  inability  to  overcome  tho  defenses  of  the  guinea  pig's 
skin.   Kolmer  and  Mosage  (1916)  concluded  in  their  requisites 
for  a  good  virulence  tost  that  any  indication  of  virulence, 
however  slight,  should  be  regarded  as  a  positive  test.  This 
test  as  it  is  now  constituted  does  not  make  provision  for 
those  reactions  which  can  neither  be  called  virulent  or  non- 
virulent.  The  possibility  arises  that  many  of  tho  cultures 
which  fall  into  this  category  will  be  called  non-virulent 
even  when  they  are  virulent. 

The  chick  test  gave  a  much  higher  percentage  of  positive 
virulence  tests  than  did  the  guinea  pi(;  test  probably  for  sev- 
eral reasons.   One  reason  was  the  fact  that  the  organisms  were 
injected  in  the  broth  in  which  they  had  been  grown  for  a  48 
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hour  period.  By  doing  this,  not  only  were  organisms  injected 
but  also  the  toxins  which  they  had  elaborated  during  that  time. 
The  guinea  pig  test  might  have  given  similar  results  If  the 
organisms  had  been  administered  in  a  similar  manner.  Another 
factor  was  the  large  inoculum  employed  in  comparison  to  the 
amount  administered  to  the  guinea  pig.  However,  Frobisher 
(1942)  stated  that  the  amount  of  inoculum  employed  did  not 
apparently  alter  the  reaction  of  time  of  death  of  the  chick. 
The  factors  of  reading  were,  of  course,  simplified  in  the 
chick  test  by  using  the  death  of  the  chick  as  the  Indication 
of  virulence. 

Other  oorynebaeteria  present,  exclusive  of  the  Coryno- 
bacterlum  pyogenes,  were  found  to  give  negative  virulence 
tests  and  therefore  their  presence  is  not  considered  of  par- 
ticular interest.  The  fact  that  both  tests  and  controls  gave 
positive  virulence  reactions  with  tho  Corynobacterium  pyogenes 
indicates  that  there  is  probably  little  relation  between  any 
toxins  which  may  be  produced  by  this  organism  and  Coryno- 
bacterium dlphtherlae.  The  fact  that  the  controls  also  died 
or  gave  positive  virulence  tests  precludes  the  possibility  of 
mistaklnc  a  positive  virulence  reaction  with  pyogenes  for  a 
positive  virulence  test  with  diphtheria  organisms.   The  possi- 
bility mieht  arise,  however,  in  which  an  extremely  toxic  cul- 
ture of  Corynobacterium  dlphtherlae  mi^ht  overcome  the  anti- 
toxin present  and  give  results  similar  to  the  results  obtained 
by  the  injection  of  Corynobacterium  pyogenes. 
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1.  It  waa  found  that  the  guinea  pic  Intracutaneous  test 
for  virulence  is  not  as  sensitive  to  the  action  of  the  three 
types  of  Corynebacteriun  diphtherlae  as  are  the  chick  teat 
and  the  chick  embryo  tost. 

2.  The  chick  embryo  test  was  found  far  more  sensitive 
to  the  three  types  cf  Corynebacterium  dlyhthcriae  than  are 
the  guinea  pig  intracutaneous  test  and  the  chick  teat. 

3.  The  fact  that  the  chick  einbryoa  can  be  protected 
from  the  action  of  the  toxin  formed  by  Corynebactorium  diphthe- 
rlae by  the  use  of  specific  antitoxin  would  indicate  that  the 
chick  embryos  could  be  used  for  virulence  tests. 

4.  It  was  also  shown  that  the  chick  embryo  test  detects 
virulence  which  cannot  be  detected  by  the  other  tvo  testa, 
thereby  minimizing,  the  possibility  of  getting  negative  re- 
actions with  virulent  cultures. 

5.  It  was  shown  that  Corynebacterlum  pyogeno s ,  an 
organism  closely  related  to  Corynebacteriun  diphtherlae ,  would 
give  positive  virulence  tests  with  the  animals  usod,  but  the 
fact  that  the  controls  receiving  diphtheria  antitoxin  gave 
positive  virulence  tests  also,  minimizes  the  possibility  of 
confusion  when  testing  for  the  virulence  of  Corynobacturium 

6.  It  was  alao  concluded  that  the  correlations  discov- 
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ered  by  Heeren  between  pellicle  formation  and  virulence 
and  the  lack  of  correlations  between  hemolysin  and  virulence, 
could  be  explained  on  the  basis  of  the  work  of  KcLeod  and  his 
associates. 
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Culture  Media 

Loef f ler ' a   Kedlum 

This  medium  as  modified  by  the  Kansas  Public  Health 
Laboratories  was  composed  as  follows:  to  750  ml.  of  hog 
serum  free  of  hemolysis  and  red  cells  was  added  250  ml.  of 
dextrose  broth  composed  as  follows: 

Proteose  peptone  .    .       rams 

Dextrose    ...     5  grams 

Meat  extract      .    .     2.5  crams 

Distilled  water   .    .    1000  ml. 

After  dissolving  this  mixture,  the  pH  was  adjusted  to  7.4. 
The  two  fuilds,  the  broth  and  the  serum,  were  then  mixed, 
tubed,  Inspissated  to  harden,  stoppered  with  cork  stoppers,  and 
autoclaved  at  15  pound  pressure  for  20  minutes. 


Tellurite  Medium 

Various  tellurite  media  have  been  proposed  for  isolating 
the  organism  Corynebacterlum  dlphtherlae.   Among  them  are  the 
media  of  Shiver  (1916),  McLeod  (1931,  1932,  1933),  Frobisher 
(1937)  to  mention  but  a  few.  The  one  selected  was  a  modifi- 
cation of  the  medium  used  by  McLeod.   The  medium  was  made 
from  a  tryptose  agar  base  composed  as  follows: 


Tryptose 
Dextrose 
Sodium  chloride 
Agar  Agar  .    . 
Distilled  water 


20  grams 

1  gram 

5  grams 

15  grams 

1000  ml. 
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The  final  pH  of  the  medium  was  6.9.  This  base  medium 
was  then  sterilized  in  250  ml.  amounts  at  15  pound  pressure  for 
20  minutes.  This  base  was  then  cooled  to  approximately  80°  C. 
and  five  percent  sterile  sheep  blood  added.  When  completely 
"choclated"  the  media  was  cooled  to  45°  C.  and  then  150  ml.  of 
a  0.045  percent  solution  of  potassium  tellurite  was  added. 
This  tellurite  solution  was  filtered  through  a  sterile  aeitz 
filter  before  it  was  added  to  the  medium.  The  entire  medium 
was  then  poured  into  sterile  petri  dishes,  approximately  20 
ml.  to  a  dish. 

Hormone  Broth 

This  was  prepared  by  infusing  lean  veal  as  follows:   Fresh 
veal  free  of  fat  was  ground  fine,  and  to  each  1000  grains  of 
veal  was  added  1000  milliliters  of  distilled  water.   This 
material  was  allowed  to  Infuse  over  night  in  the  ice  box.  Thi3 
mixture  was  then  cooked  in  the  autoclave  at  15  pound  pressure 
for  one  hour.  After  cookin.  ,  it  was  filtered  through  cheese 
cloth  to  remove  the  meat.  The  pH  was  adjusted  to  7.6  by  use 
of  normal  sodium  hydroxide  solution.  This  fluid  was  filtered 
through  coarse  filter  paper,  distributed  in  flasks  and  ster- 
ilized. 

Fermentation  base 

To  each  liter  of  Hormone  broth  the  following  were  added: 
Proteose  peptone   ...    10  grams 
Sodium  chloride   ...     5  grams 


The  pH  was  again  adju-ted  to  7.6  and  one  milliliter  of  a 
1.6  percent  solution  of  brom  cresol  purple  was  added  as  an 
indicator.  The  broth  was  then  sterilized  in  flasks  and  stored 
until  used. 


Addition  of  Carbohydrates 

The  three  carbohydrates  used  were  dextrose*  sucrose,  and 
starch.   Dextrose  and  sucrose  were  added  to  the  fermentation 
media  in  a  final  concentration  of  1.0  percent.  A  2.0  percent 
suspension  of  starch  was  made  and  200  milliliters  of  this  was 
added  to  each  liter  of  fermentation  base.   Soluble  starch  was 
not  uued  due  to  the  possibility  of  partial  digestion  during 
the  process  of  rendering  soluble.  These  carbohydrates  were 
then  tubed  approximately  two  and  one-half  milliliters  to  a 
tube.  The  tubes  were  plugged  with  various  colored  cotton  to 
identify  each  carbohydrate.   They  were  sterilized  at  115  C. 
for  ten  minutes,  and  incubated  for  48  hours  to  check  sterility. 

The  medium  for  pellicle  formation,  and  toxin  formation 
and  hemolysin  medium  was  prepared  by  the  addition  of  1.0  per- 
cent proteose  peptone,  and  0.5  percent  sodium  chloride  to  the 
hormone  base  infusion  broth.  The  medium  was  adjusted  to  pH  7.6, 
tubed  or  bottled,  and  sterilized  in  the  autoclave  at  15  pound 
pressure  for  20  minutes. 

Technique  used  in  testinc  for  Hemolysins 

The  technique  used  was  that  of  Hanrnerschmldt,  as  given  in 
Diagnostic  Procedures  and  Reagents  of  the  American  Public  Health 
Association  (1941).  Tubes  of  infusion  media  were  inoculated 


with  the  cultures  under  examination  and  incubated  for  48  hours. 
One  milliliter  of  this  culture  was  then  placed  in  a  clean 
seriological  tube  and  one  milliliter  of  a  2.0  percent  suspen- 
sion of  thrice  washed  human  red  blood  cells  was  added.  This 
mixture  was  then  Incubated  at  37°  C.  for  an  hour  and  then 
placed  in  the  refricerator  over  night  and  read  the  next  day. 
On  the  following  pages  is  given  a  chart  of  the  culture 
reactions. 
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